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ABSTRACT
 
An individual arrested for driving under the
 
influence of alcohol may choose a blood, breath or urine
 
sample for testing. Urine samples submitted for ethanol
 
analysis have been most vulnerable to attack in the
 
courtroom. Approximately 600 urine samples are submitted
 
annually to the San Bernardino County Sheriff's Crime
 
Laboratory (SBCSCL). Specific legal issues have been
 
raised which question the reliability of using urine
 
samples to determine a blood alcohol concentration (BAC).
 
Subjects who chose the urine test must void their
 
bladder twice. The initial sample, a composite of urine
 
and alcohol remaining in the bladder for an unknown time
 
period, is not analyzed. The subject must provide a
 
second sample, at least 20 minutes later, which is
 
analyzed. Approximately 20 percent of the urine samples
 
submitted to the SBCSCL for analysis contain the initial
 
sample only. Typically those cases are dismissed. In
 
this study the initial and second samples were examined to
 
determine whether differences exist in actual DUX cases.
 
Analysis of initial void and second urine samples (n=102)
 
from DUX cases showed a mean decline in the second sample
 
of 0.007 ± 0.021 gram percent (g%) (p<0.01) with a range
 
of -0.103 to 0.126 g%.
 
A forensic laboratory must know if storage
 
conditions are suitable to maintain the integrity of
 
evidence. Xn this study the containers and conditions for
 
storing urine samples at the SBCSCL were examined. Urine
 
samples (n=57) analyzed for ethanol and stored in
 
airtight containers showed no mean difference in ethanol
 
concentration following refrigerated storage for
 
approximately 517 days. Urine samples (n=16) stored
 
outdoors for 54 days during the summer heat exhibited no
 
ethanol production, although two samples showed a O.Ol g%
 
decrease in ethanol concentration.
 
The contamination potential of urine samples was
 
examined. Ethanol-free urine samples (n=16) incubated at
 
room temperature for approximately 35 days without
 
preservatives did not produce ethanol.
 
The effectiveness of sodium fluoride in preventing
 
ethanol production by yeast was tested. Urine samples
 
aliquoted into 8 treatment groups were examined for
 
ethanol production. Samples containing urine only, urine
 
plus yeast, and combinations containing sodium fluoride
 
with glucose and yeast produced little or no ethanol and
 
are indistinguishable from each other (p>0.05). Samples
 
with glucose and glucose with yeast produced 0.067 + 0.07
 
and 0.164 + 0.057 g% ethanol. Sodium fluoride prevents
 
ethanol production by yeast. Glucose is necessary for the
 
ethanol production by microorganisms.
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INTRODUCTION
 
Alcohol-related driving accidents have resulted in
 
250,000 deaths in this country over the last ten years
 
[1]. The general population and legislatures have become
 
increasingly aware of the problems associated with driving
 
under the influence (DUI) cases. Communities are no
 
longer tolerant of the drunk driver.
 
At the time this study was conducted the State of
 
California had adopted the "per se" law in DUI cases.
 
Under the California Vehicle Code Section 23152b, persons
 
who have 0.10 percent, by weight, or more of ethanol can
 
not lawfully operate a vehicle. There is also a
 
rebuttable presumption that the individual had this
 
ethanol level at the time of driving if a chemical test
 
sample was obtained within 3 hours of the driving incident
 
[2].
 
Since the enactment of the "per se" law, the
 
courtroom issue has become the validity of the chemical
 
test itself. The defense community provides a check and
 
balance system of public crime laboratories to insure that
 
instruments are working properly and methods are precisely
 
followed.
 
Individuals may choose to provoide a blood, breath or
 
urine sample for chemical testing. Traditionally the
 
urine test has been the most vulnerable to attack. The
 
issues regarding the reliability of a urine sample have
 
become routine. Thus, there is a need to address the
 
issues most frequently posed by the legal community. If
 
there is a problem with urine alcohol analyses, that
 
problem must be corrected. If the objections raised are
 
shown to be invalid, then those issues can be laid to
 
rest.
 
The system must always be challenged. The forensic
 
scientist must continually assess his methodology,
 
knowledge, and opinions. He must not fall victim to
 
habit and routine. A mistake by the forensic analyst can
 
ultimately cause the loss of possessions, livelihood, and
 
family of an otherwise innocent defendant. No test can
 
ever be "good enough".
 
The topics studied in this thesis stem directly from
 
issues raised by defense attorneys in criminal trial
 
settings regarding the evidentiary value of void samples,
 
whether urine storage affects ethanol content, and whether
 
sodium fluoride is effeGtive against ethanol production.
 
It is hoped that this work helps clarify and resolve
 
these issues.
 
THE FATE OF ETHANOL IN THE HUMAN SYSTEM
 
Discovery
 
Ethyl alcohol, or ethanol, is the type of alcohol
 
present in alcoholic beverages. It is used more than any
 
other drug in the world [3], Ethanol is a small,
 
hydrophilic molecule with a molecular weight of 46 (Figure
 
1). Ethanol moves easily between the various tissues and
 
fluids of the body because it/e size and lipid solubility
 
allow it to easily penetrate cell membranes [4,5]. The
 
pharmacokinetics of ethanol are very different from other
 
drugs in that ethanol is absorbed and distributed in an
 
unaltered state without the need for digestion. It does
 
not bind to proteins or complex with other transport
 
systems [3,4,5].
 
The four major areas of concern with regard to the
 
pharmacokinetics of ethanol in the human body include its
 
absorption, distribution, biotransformation, and
 
elimination (Figure 2) [4].
 
Absorption of Ethanol
 
The characteristics of the ethanol molecule allows
 
for a rapid distribution within the body. Ethanol
 
readily passes through the stomach to the small intestine
 
and. While it is primarily absorbed from the intestinal
 
tract, approximately 20% of ingested ethanol can be
 
absorbed directly into the blood through the stomach [6].
 
 The Ethanol
 
Molecule
 
5^ H V >H :
 
:i:
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, :H :;:;h ;
 
Molecaiar Weight 46
 
Figure 1. The stiructure of the ethanol moleeule.
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Figure 2. 	The pharmokinetics of ethanol in the
 
human body,
 
Absorption occurs by passive diffusion across the mucosal
 
lining [3,4,5]. No active transport appears to be
 
involved in the absorption of ethanol [3].
 
It is known that many variables exist which could
 
alter the rate of absorption from individual to individual
 
and from one drinking episode to another [3,4,6,9],
 
Several factors can reduce the rate of absorption. Food
 
in the stomach inhibits contact of ethanol with the
 
mucosal lining and decreases the rate of absorption.
 
Likewise, a reduction in the peak blood alcohol
 
concentration (BAG) and a delay in the time of the peak
 
BAG is associated with the ingestion of solid food [7].
 
A high quantity of ethanol itself may cause the pyloric
 
sphincter of the stomach to constrict, which causes a
 
delay in ethanol passing from the stomach to the small
 
intestine. High concentrations of alcohol can also
 
irritate the mucosal lining of the stomach retarding the
 
absorption process. While the integrity of the gastric
 
mucosa may be disrupted after a period of social drinking
 
(i.e. steady, moderate drinking in a public setting), the
 
social drinking may cause an increase in the absorption
 
rate of ethanol by promoting gastric emptying [8]. A
 
larger stomach and a longer length of the intestine also
 
can cause an increase in the absorption rate [3,4,6,9]*
 
In general, approximately 90% of ethanol absorption
 
occurs within the first hour after drinking, with the peak
 
■ ■ ■ ■■■ ■ '6 ' ■ ' '
 
blood alcohol concentration reached about 30 minutes
 
after ingestion [3], However, in considering the
 
variables, such as a fasting condition versus post
 
prandial alcohol consumption, the peak BAG can be reached
 
in as little as 15 minutes to as many as 90 minutes after
 
ingestion of ethanol [3].
 
Distribution of Ethanol
 
After absorption by the gastrointestinal tract,
 
ethanol travels through the portal circulation into the
 
liver and, if not metabolized, is transported to the heart
 
via the inferior vena cava. From the heart, blood
 
carrying ethanol enters the pulmonary and, following
 
return to the heart, the systemic circulation. Ethanol
 
"will ultimately be distributed to every tissue and every
 
body fluid [3,10,11]. The different tissues, however, do
 
receive ethanol at the same rate or in the same
 
amount. There are two factors which determine the
 
distribution of ethanol. First, the hydrophilic nature
 
of the ethanol molecule governs the distribution to
 
various tissues, such that the ethanol concentration will
 
equilibrate with and be in proportion to the water content
 
of those tissues [12]. Tissues that have a high water
 
content (e.g. plasma, urine, and saliva) will contain
 
more ethanol than those with a lower content (e.g.
 
adipose tissue, bone, and muscle) [3-6,10,11]. Post-

absorption ethanol ratios of blood and spinal fluid have
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 been shown to vary almost in parallel [10]. Females
 
generally have higher levels of body fat. This causes a
 
higher mean BAG in females than males due to a lower
 
dilution by tissue fluids relative to body weight [13].
 
The second factor which can affect the distribution of
 
ethanol is the vascularization and blood flow to specific
 
tissues or fluids. The brain and lungs, for instance,
 
have a rich blood supply. This enables them to obtain the
 
highest initial concentrations of ethanol, while tissues
 
with reduced vascularization equilibrate more slowly [4­
6,10]. ; .
 
Biotransformation of Ethanol
 
There are two major mechanisms by which the body
 
reduces the toxicity of substances. Biotransformation
 
chemically alters the toxic material to a biologically
 
less toxic material, and elimination, through various
 
means, reduces the concentration of toxic substances. The
 
function of both mechanisms is to reduce the level of the
 
toxin in the body [14].
 
The body possesses numerous organs and enzyme systems
 
which affect biotransformation and elimlination. Ninety
 
percent of ingested ethanol is transformed through an
 
enzymatic oxidation process in the liver [15]. The most
 
important enzyme involved in this reaction is alcohol
 
dehydrogenase (ADH), which is found in high concentrations
 
in the liver. Ethanol is oxidized with the concomitant
 
^ ■ ' ;■ ■■ • ' ' ■ 8 : : ■ ' • ■ ' ■v. ' : 
reduction of NAD to yield acetaldehyde, itself an
 
extremely toxic molecule. The latter is quickly oxidized
 
by the enzyme aldehyde dehydrogenase (ALDH) to acetic
 
acid, which is released from the liver and oxidized to
 
carbon dioxide and water. The chemical reactions are
 
summarized in Figure 3. Studies with mice have suggested
 
that the rate-limiting step in alcohol disposition is not
 
ADH or ALDH activities, but could be some other
 
kinetically important parameter, such as the NADH
 
oxidation to NAD [14,16]. Sensitivity differences of
 
individuals to ethanol ingestion may be due to altered
 
reaction kinetics in various populations having
 
phenotypic differences in ADH and ALDH enzymes, as has
 
been demonstrated between Caucasian and oriental
 
populations [17].
 
The concentration of ethanol in the body decreases as
 
it is oxidized by the liver [6]. Ethanol is also
 
oxidized in the tissues, but the relative amount of
 
oxidation that occurs is insignificant compared to the
 
amount which takes place in the liver [4]. However, there
 
is considerable variation in the metabolism of ethanol not
 
only between individuals, but also within an individual
 
between drinking episodes [18]. The BAC can be reduced
 
linearly at an average rate of approximately 0.015 g% per
 
hour through the combination of biotransformation and
 
excretion [19-21].
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Biotransforraation of Ethanol
 
Oyeraii Reactian
 
-h 3C^ > -^ 2002
 
Step #t: 	Ethanol is oxidized to acetaldehyde by
 
aicohoi dehydrogenase(ADH) (Liver)
 
-ADH
 
CHXH^OH + NAD— CH CHO + NAOH
 
Ethanol 	 Acetaldehyde
 
Step #2: Acetaidehyde is converted to acetyl coenzyme A and
 
acetate by aldehyde dehydrogenase (ALDH) (Uver and Blood)
 
:CH3CH0 + NAD G:-^COOH NAOH > Acetyl CoA
 
CoenzymeA
 
Step #3: Acetyl CoA enters the Krebs cycle where it is broken
 
down to carbon dioxide and water (Muscles)
 
Acetyl CoA -—■———Krebs cycle > CG^ + H^O 
Figure: 3. The: biotransforination of ethanol. 
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Elimination of Ethanol
 
The remaining 10% of the ethanol in the system which
 
is not metabolized is excreted in the unchanged form in
 
the urine, breath, saliva, sweat, and feces [6]. It has
 
been reported that ethanol elimination can be enhanced as
 
much as 34% by the ingestion of fructose, however, solid
 
foods generally do not affect the elimination kinetics of
 
ethanol [3,7,22,23], Of the ethanol eliminated, more than
 
half is excreted directly by the kidneys [24], A
 
relationship between the concentration of ethanol in blood
 
and that in urine has been established (Table 1) with the
 
average ratio being 1:1.3 blood/urine [24,25]. This ratio
 
may vary from 1.1 to 1.5 [10,24].
 
Ethanol elimination can be explained using a one
 
compartment open model which follows Michaelis-Menten
 
elimination kinetics, in which a pseudolinear decline of
 
the blood alcohol concentration should be observed. The
 
BAG elimination phase appears linear (constant) from the
 
absorption-distribution phase to low BAG concentrations,
 
i.e. about 0.01 to 0.02 grams per 100 ml (g%). Below this
 
low concentration, elimination occurs following first
 
order kinetics [26].
 
The kidneys process a quarter of the total cardiac
 
output (over 1 liter of blood per minute) which makes it
 
an efficient organ for eliminating toxins from the body.
 
About 20% of the arterial blood is filtered through the
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TABLE 1
 
BLOOD:URINE CORRELATIGN RATIOS
 
AS DETERMINED BY; VARIOUS AUTHORS
 
AVERAGE
 
YEAR 	 AUTHOR (REFERENCE) RATIO RANGE
 
Southgate and : 1-35
 
Carter
 
1938 • } Jetter - 1.23 1.0 -2.3
 
19^0 u: Bavls (EV) ; - ; :1.17 : ;.0.81-1.65
 
19^0 , Haggard et al;(25) . :1.3 3 or 6%
 
19^1 	 Mozes and Katonak ) I.16 0.63-1.77
 
19^3 , . : Ellertirook and' ; : , 1.26 ^^ ^^ ^^ ^^ ■ 7 
: VanCaasLeck :(^E)^^ ;^
 
1953 . . Prag (6) . : 1.31 : . , 1.0 -1.6^
 
1959 Coldwell and Smith (U4) ; 1.2^ + 0.08
 
196I Lundqnist (.47)' - . ; 1.35 7 : YL.07-1'.57,.
 
■ Smith (45)^ ^ ^ ^ ^^^ ^ . . 	 1.1^ 
1966 , 	 Payne;^ , .1.32 ^  : 0.05-2..12
 
King:(52)
 
1967 	 : Payne, . Foster, Hill 7 1.38 0.92-2:.32
 
and Wood (50): ; i ,
 
1969 Kaye and Carddna (^^8) 1.12 0.21-2.86 
1983' ; Garriott (51), ■ . 4;(, .> 1.334 
198^ . Winek, Murphy and , 1.57 0.,7 --1,21 
. ■ Winek (49) 
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glomeruli into the renal tubules, where water and useful
 
solutes are reabsorbed. Waste products are secreted into
 
the fluid and form urine [5,27], Ethanol is passively
 
excreted with the newly formed urine. Thus, the human
 
body possesses the mechanism to efficiently receive and
 
eliminate toxic substances including ethanol.
 
SPECIAL CONSIDERATIONS REGARDING ETHANOL ANALYSIS
 
Gender Differences in Elimination and Metabolism
 
There appear to be no significant differences in the
 
rate of ethanol absorption between sexes [13]. Estrogen
 
does not appear to affect the metabolism of ethanol; thus,
 
females taking oral contraceptives should not exhibit
 
alterations in ethanol elimination. There also appear to
 
be no significant differences between male and female
 
elimination rates as long as the calculations are adjusted
 
for body weight and/or volume of distribution [28].
 
Endogenous Ethanol Production
 
The contribution of endogenous ethanol production, or
 
other confounding low molecular weight substances produced
 
by the body, are important when determining the ethanol
 
level due specifically to drinking. Urine samples from
 
non-drinking individuals have been found to contain
 
volatile substances (molecular weight 40-160) such as
 
acetone, 2-butanone, 2-pentanone, ethanol, n-propanol, and
 
n-butanol. These non-ethanol substances do not present a
 
problem as long as they can be differentiated by the
 
method of analysis. Individuals with diabetes mellitus,
 
controlled by insulin therapy, medication, or diet, have
 
increased concentrations of aliphatic alcohols including
 
ethanol, n-propanol, isobutanol, and n-butanol.
 
Quantities of the different metabolites, ranging from 10
 
nanograms to 500 micrograms, were reported for urine
 
samples over a 24-hour period [29]. A study of ethanol
 
consumption by two obese subjects showed ethanol
 
elimination rates of 0.017 and 0.012 milligrams percent
 
per hour. These rates are within the average range for
 
healthy individuals. Based on this limited study, obese
 
individuals exhibit normal elimination rates for ethanol
 
[30].
 
The intestines of healthy individuals contain more
 
than 60 different bacterial species. Large populations of
 
normal enteric bacterial are found in the large intestine,
 
while the upper small intestine is almost sterile [31].
 
The intestinal flora persist in a symbiotic relationship
 
with the host in which they convert bilirubin to
 
urobilinogens, supply vitamin K, split conjugated bile
 
acids, and convert cholic acid to deoxycholic acid [32].
 
Studies have shown that bacterial populations can
 
proliferate beyond normal levels in the intestines of
 
individuals having increased peristalsis due to diabetes,
 
ganglionic-blocking agents, and other factors. This
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phenomenon has been referred to as the "blind-loop
 
syndrome", which causes a variety of clinical and
 
pathological features, including anemia, vitamin B12
 
malabsorption, and steatorrhea [33]. However, such
 
excessive bacterial proliferation has not been shown to
 
increase endogenous ethanol levels enough to cause
 
intoxication.
 
Liebich, Buelow and Kallmayer [34] determined the
 
levels of endogenous aliphatic alcohols in the serum and
 
urine of normal and diabetic subjects. Ethanol levels in
 
42 serum samples from non-diabetic subjects exhibited
 
ranges from 0 to 0.0039 g% (mean 0.00066 g%). Ethanol
 
levels in 57 urine samples collected for 24 hours from
 
non-diabetic subjects ranged from 0 to 0.0046 g% (mean
 
0.00072 g%). Urine samples from 247 diabetic patients
 
were reported to have elevated ethanol levels from 0 to
 
0.048 g% (mean 0.00198 g%). Increased serum ethanol
 
levels were observed in 168 diabetic patients, ranging
 
from 0 to 0.0159 g% (mean 0.001 g%). This study
 
underscores the importance of considering the
 
contribution of endogenous ethanol levels which can be
 
additive to ingested ethanol in D.U.I, samples.
 
The Japanese literature reported 39 cases of the
 
unusual proliferation of yeast, primarily Candida. in the
 
gastrointestinal tract of Japanese subjects. The syndrome
 
produced intoxicating symptomology generally after the
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host ingested a large carbohydrate diet. The
 
"Intragastrointestinal Alcohol Fermentation Syndrome",
 
previously termed "alcohol autointoxication syndrome" or
 
"endogenous alcohol intoxication syndrome", displayed a
 
peak absorption rate at 2 hours after a meal rather than
 
the expected 1 hour after drinking. Individuals displayed
 
symptoms which included faintness, nausea, vomiting, and
 
coma. Blood alcohol levels in some patients rose to
 
0.25 g%. There are several factors which make an
 
individual susceptible to abnormal proliferation of these
 
organisms. Many cases of bacterial proliferation have
 
been reported in patients with histories of abdominal
 
surgery while other conditions favorable to this syndrome
 
include organic or functional disturbances of material
 
passage through the gastrointestinal tract. Digested
 
foods have been reported to stagnate in the system of some
 
individuals potentially leading to ethanol production by
 
enteric bacteria, but this is rare in individuals with no
 
gastrointestinal abnormality. The thirty-nine cases of
 
the "Intragastrointestinal Alcohol Fermentation Syndrome"
 
reported in the literature have been restricted to the
 
Asian population [35]. There is a single newspaper
 
account of a Caucasian male with a history of
 
autointoxication syndrome, however this case has not been
 
verified in the scientific literature [36].
 
Defense attorneys in the courtroom setting suggest
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that enteric and other microbes contribute to and are
 
responsible for blood alcohol levels in their clients.
 
Candida albicans is one organism with that potential.
 
C. albicans belongs to a group of fungi that are well
 
characterized by their ability to ferment glucose. C.
 
albicans. distributed world-wide, can live in soil and
 
vegetable matter, and are a well-known pathogen of man and
 
animals [37]. This organism is associated with healthy
 
persons and is a common saprophyte on the mucous lining of
 
the oral cavity, skin, and nails. It has also been
 
identified in the bronchi, lungs, vagina, and alimentary
 
tract, as well as in sputum and feces [37,38]. The
 
physiological condition of the host is a strong
 
determinant of organism infectivity. Increased
 
concentrations of glycogen in the vaginal mucosa of
 
pregnant women support increased numbers of C. albicans.
 
Individuals with diabetes mellitus exhibit more glucose
 
in the epidermis and keratinized layer of their skin,
 
which may also enhance infections by C. albicans. Candida
 
albicans also appears to flourish where bacterial
 
competitors are eliminated by antibiotic therapy [38].
 
Specimen Contamination bv Microorganisms
 
A major area of concern in forensic alcohol cases
 
involves the potential for specimen contamination by
 
ethanol-producing microorganisms. Studies have reported
 
[39-41] that ethanol producing organisms were identified
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in specimens and that preservatives employed had little
 
effect in deterring their growth. Fluoride is commonly
 
used to prevent microbial growth in forensic alcohol
 
specimens, although concentration and storage conditions
 
may alter its efficacy [39-41]. Fluoride inhibits the
 
activity of phosphoglucomutase, prevents cell
 
polysaccharide synthesis, and can be used in vitro against
 
C. albicans to inhibit growth [42].
 
Blume and Lakatua [39] demonstrated that a 1%
 
concentration of sodium fluoride in blood samples was
 
effective against several microorganisms. However, it did
 
not prevent ethanbl production and growth by C. albicans
 
[39]. Chang and Kollman [40] confirmed these findings and
 
also found sodium fluoride to be ineffective against
 
ethanol production bv C. albicans in inoculated blood
 
samples. Ethanol was detected in preserved samples
 
within 3 days at 37 degrees C, 5 days at 22 degrees C, and
 
only trace levels after 6 months under refrigerated
 
conditions, which suggests that the formation of ethanol
 
is temperature dependent [40]. The effectiveness of
 
various sodium fluoride concentrations in preventing
 
microbial growth has been assessed at various pH levels.
 
Harper and Corry [41] were able to grow C. albicans in a
 
heart infusion broth containing 0.5% w/v glucose, 1.2% w/v
 
sodium fluoride, at pH 7.4 and 6.0. Ethanol production
 
was reported from these samples when incubated at 25
 
■ ■ 18 . ■ 
degrees C [41].
 
While fluoride is widely used to prevent microbial
 
growth in forensic samples, it's efficacy appears
 
questionable in the presence of Candida albicans.
 
THE URINE SAMPLE
 
Characteristics of Urine
 
Urine contains urea, ammonia, uric acid, creatinine,
 
minerals, salts, and hormones. The characteristic amber
 
color is due to the pigment urochrome. Urine is usually
 
acidic, with a pH of approximately 6.0. The specific
 
gravity varies from 1.015 to 1.025. Approximately 1500
 
milliliters of urine are produced daily. The newly formed
 
urine is excreted from the kidneys and is transferred via
 
the ureter to the urinary bladder for storage. As urine
 
accumulates, the bladder wall becomes distended. Sensory
 
receptors in the bladder become stimulated when
 
approximately 300 milliliters accumulate, and the subject
 
experiences the desire to urinate. Once the subject
 
begins the urination process, the muscles of the urethra
 
and the external sphincter relax, and the bladder wall
 
contracts in a continual reflex motion until all of the
 
urine has been released [43]. The urine, containing
 
alcohol which accumulates in the bladder, represents an
 
average amount of ethanol for all of the urine formed
 
during the period of accumulation [44]. In support of
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this, urinary ethanol levels obtained by catheter have
 
been found to be in direct proportion to the
 
concentration of ethanol in the blood [45]. Ethanol
 
induces at least a 30% diuresis and produces a dehydrating
 
effect on the total body fluid compartment, primarily due
 
to an increase in the frequency of urination in response
 
to increased renal output which occurs when large volumes
 
of alcoholic beverages, such as beer, are consumed. The
 
dehydration is due to inhibition of antidiuretic hormone
 
(vasopressin) release at the posterior pituitary. More
 
frequent Voiding of the bladder produces urine alcohol
 
levels which better correlate with blood alcohol
 
concentrations, and the diuretic effect of ethanol has
 
been shown not to alter the bloodrurine ratio [27,45,46].
 
Additionally, there are no significant changes in the
 
bloodrurine ratios as the urine production rate changes
 
[47]. Thus, there is strong evidence to support the use
 
of urine alcohol concentrations as a predictor of blood
 
alcohol concentrations.
 
The Urine Analvsis Controversv
 
The use of urine samples to determine blood alcohol
 
concentrations has been a topic of controversy in the
 
literature and in the courtroom. Some investigators have
 
shown that pooled urine and post-mortem samples have wide
 
variations in the blood:urine ratios [4,48,49]. Their
 
work has been critically reviewed by Biasotti and
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Valentine [27]. In their "Belfast study" Payne, Hill, and
 
King [50] compared void and second samples in 518 paired
 
urine and blood samples and found that urine:blood alcohol
 
ratios ranged from 0.92 to 2.32 (mean 1.38). In selected
 
data from 35 subjects, they determined the mean urine:
 
blood ratios ranged from 0.82 - 2.59 (mean 1.43). One
 
subject had a ratio of 1:2.44 which exceeded any ratios
 
obtained from the previous 518 void samples examined.
 
This ratio is greater than two times the theoretical ratio
 
expected from physiological variation and remains highly
 
questionable [50]. The opinion of the general forensic
 
community appears to be that the average blood:urine ratio
 
is 1:1.3, and that a blood alcohol determination is
 
reliable and accurate if the subject initially voids his
 
bladder and waits at least 20 minutes before providing a
 
second sample for analysis [11,27,45,46,51,52]. The State
 
of California Title 17 prescribes that 1:1.3 shall be the
 
blood:urine ratio used by laboratories licensed to perform
 
forensic alcohol analysis in California [53].
 
The legal defense community often argues, usually
 
without facts in evidence, that individuals in general are
 
unable to completely void their bladder Upon request in
 
driving under the influence (DUI) cases due to mental
 
and/or physical conditions. According to Forensic
 
Pathologist Dr. Irving Root, mental and physical
 
conditions could exist causing incomplete voiding?
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however, healthy individuals usually void their bladder
 
completely [54], Further/ the literature states it is not
 
an absolute requirement that the subject completely empty
 
his bladder when providing the void sample for valid
 
testing [55].
 
There is a delay in time between the changes in urine
 
alcohol concentration and the changes in blood alcohol
 
concentration during the absorption phase. This is due to
 
a lag which occurs as the urine sample collects in the
 
bladder while alcohol is still being absorbed into the
 
blood. This will typically yield an inappropriately low
 
prediction of blood alcohol concentration. Correction of
 
the predicted BAG using the 1:1.3 ratio on samples
 
collected during the absorption phase will still yield an
 
underestimation of the blood alcohol concentration. This
 
is because the 1:1.3 ratio has been derived using samples
 
collected during the elimination phase after serum ethanol
 
concentrations have stabilized or reached maximum post-

absorption levels [27]. The state of Minnesota has
 
recommended using the ratio of 1:1.5 to minimize the
 
possibility of incorrectly overestimating the BAG and
 
thereby reducing the chance of a wrongful conviction. They
 
accept a first sample if the second sample is not obtained
 
[56].
 
In spite of the literature available in the area of
 
urine alcohol analysis, it remains a highly controversial
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issue in the courts» Further examination of specific
 
topics related to urine alcohol sample analysis in DUI
 
arrest cases is warranted.
 
Purpose of Experimental Work
 
Three questions remain in controversy with regard to
 
the analysis of urine samples as a means of determining
 
BAG. The questions involve: 1) the validity of initial
 
sample analysis when a second sample is not provided, 2)
 
the effect of sample storage conditions on ethanol levels,
 
and 3) the potential for production of ethanol by
 
microbial contamination of samples. These three areas
 
form the basis of the present study. A brief overview of
 
the areas and the stated problems are described.
 
Void and Second Sample Analvsis
 
There are instances where the subjects provide an
 
initial void sample but fail to provide a second sample
 
for analysis. The only sample available in such cases is
 
the void sample which most agree is not the best sample to
 
correlate with a blood alcohol concentration. Since the
 
diuretic effect of alcohol may cause frequent urination
 
among social drinkers throughout a drinking episode, it
 
could be expected that the results of void sample analysis
 
and second sample analysis should be similar, and that
 
both should accurately correlate with a blood alcohol
 
concentration. To test this, ethanol determinations will
 
be made on void samples and second samples collected from
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individuals involved in random driving under the influence
 
cases. Variability between sample concentrations will be
 
evaluated and their significance projected on legal
 
implications of BAG evidence.
 
Sample Storage
 
Loss of ethanol has been reported in cases of stored
 
blood samples. This loss has been attributed to
 
microbial contamination in the absence of an appropriate
 
preservative, possibly aggrivated by storage at 17 degrees
 
C. Ethanol loss has also been reported by oxidation of
 
ethanol to acetaldehyde at extremely high temperatures (62
 
degrees C) in the presence of an appropriate preservative
 
[57]. The latter is apparently due to hemolysis of
 
erythrocytes which release oxyhemoglobin and leads to the
 
production of an intermediate product which oxidizes
 
ethanol to acetaldehyde [58]. This loss of ethanol by
 
oxidation in the blood can, however, be corrected by using
 
specific concentrations of preservatives or combinations
 
of preservatives [58,59]. A similar oxidation mechanism
 
is not present in urine, hence less change would be
 
expected to occur in such samples [60]. Additionally,
 
ethanol can be lost through evaporation if samples are not
 
placed in airtight containers [41].
 
The question of whether ethanol concentrations change
 
in urine samples undergoing prolonged storage will be
 
addressed by retesting samples following one year of
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storage,
 
Microbial Activity
 
The human body produces less than 0.75 mg/L (0.000075
 
g%) endogenous ethanol [61]. This quantity would not be
 
detected under most methods used in forensic
 
laboratories. Dubowski [50] maintains it is common for
 
fermentable carbohydrates (i.e. glucose) to exist in urine
 
samples which could provide substrate to yeast spores or
 
other microorganisms known to "commonly" contaminate such
 
samples [62].
 
An unpreserved urine sample containing glucose (as in
 
a diabetic patient) may be subject to yeast contamination,
 
i.e. Candida albicans. From the ethanol production
 
pathway it can be calculated that 2 moles of ethanol will
 
be produced for every 1 mole of available glucose. Thus,
 
in a stored contaminated sample, ethanol production could
 
increase with time with a reciprocal decrease in glucose
 
concentration [40,63]. A potential for error in retesting
 
of stored samples clearly exists.
 
There are two potential defense issues which are
 
thought to contribute to the problem of contaminating
 
ethanol production by microorganisms and thereby
 
invalidate testing by forensic laboratories. These include
 
in vivo ethanol production and ethanol production due to
 
exogenous microbial contamination in the absence of
 
sufficient preservative. In vivo production includes
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those individuals suffering from an infection caused by
 
possible ethanol-producing microbes living in the
 
subject's kidney, bladder, or urinary tract* Exogenous
 
microbial contamination is suggested when an otherwise
 
"clean" sample becomes contaminated with possible ethanol-

producing organisms speculated to exist at the body cavity
 
exit, in the air, or in an unsterile collection container.
 
Some subjects, primarily females, urinate in
 
collection containers which are clean but not sterile.
 
Their urine samples are secondarily transferred to urine
 
alcohol collection bottles that contain a preservative.
 
The possibility exists that microorganisms could produce
 
ethanol during the period they were exposed to the urine
 
before being placed into a preservative-containing bottle.
 
Omission or insufficient concentrations of preservative
 
could similarly lead to exogenous microbial ethanol
 
production.
 
Whether ethanol is routinely produced in
 
preservative-free urine samples from normal, healthy
 
individuals will be addi^essed. And, to test a worst-case
 
scenario, ethanol production will be evaluated in
 
preserved samples containing exogenous glucose and
 
inoculated with the ethanol producing human pathogen,
 
Candida albicans.
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MATERIALS AND METHODS
 
ANALYSIS OF ETHANOL
 
Urine samples were analyzed using an automated,
 
direct injection gas chromatographic procedure. A Fisher
 
"Dilumat" automatic dilutor was used to withdraw 50
 
microliters of urine from each sample. Each sample was
 
automatically diluted with 1600 microliters of a 0.01
 
percent v/v solution of n-propanol (the internal standard)
 
and then expelled into a test vial. The test vials, along
 
with positive and negative controls, were placed in a
 
Hewlett-Packard automatic sampler (model 7671A) for
 
analysis. Samples were injected directly onto a Hewlett-

Packard gas chromatograph (Model 5710A) with a flame
 
ionization detector. The column used was 6 feet long and
 
1/8 inch in diameter, stainless steel packed with 0.2%
 
Carbowax on Carbopack 80/100 mesh. The carrier gas used
 
was chromatographic grade nitrogen. Flame support gas
 
used was hydrogen and zero grade air. Injection port and
 
detector temperatures were set at 200 degrees Centigrade.
 
The instrument was calibrated prior to use with
 
secondary ethanol solutions prepared at 0.1, 0.2, and 0.3%
 
ethanol (w/v). The precision of the instrument is
 
±0.001g%. One microliter of the diluted urine sample was
 
injected into the instrument for analysis. The gas
 
chromatograph utilizes a computing integrator which
 
performs the calculations and prints the results of the
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test (Figure 4).
 
VOID AND SECOND SAMPLE ANALYSIS
 
Subjects were provided with urine alcohol kits for
 
sample collection. Each kit contained two previously
 
prepared, 1-ounce glass bottles (Fisher #03-521-lA)
 
labeled A for void samples and B for second samples.
 
Each bottle contained 300 mg sodium fluoride (Mallinckrodt
 
#7636). Five milliliters of deionized water were added to
 
each bottle which was then placed in a 125 degree C oven
 
for 15 minutes to fix the sodium fluoride to the bottom of
 
the bottles. The urine alcohol kits were sealed on the
 
exterior with sealing wax prior to dispersal to hospitals
 
and law enforcement agencies. Completed kits were
 
resealed with tape by the ari^esting officer to insure no
 
tampering occurred before analysis.
 
Sealed kits were opened at the time of analysis.
 
Analysis was conducted within 10 days of receipt of the
 
kit. A record was maintained which included initial and
 
second sample collection times, and the approximate
 
volume of the sample. The collection time interval
 
reflects the actual amount of time in minutes between the
 
collection of the void and second samples. The sample
 
volume reflects the quantity of sample, in milliliters,
 
collected in the void and second samples. The percent
 
ethanol reflects the average of duplicate chrpmatographic
 
28 ■ 
WAITING FOR IHJFGTJON
 
STfifcif
 
Ethanol
 
n-Propanol
 
r"
 
RON # 653	 JUL/2yx
 17:33:8P
 
BOTTLE 12
 
ISTD
 
RT RRLh 1TPE L-BL^
 
8,55 471B40 PB 1
 0.E35f
 
i 01 67P070 Pf3 pfc 0.XS
 
0 i hL RREr=
 1143300
 
ISTD ftNT= 1.600HE+04
 
SOJi^LE AMT= 5.0000E+03
 
»UL PftCTOR= 1.i580E-03
 
Figure 	 Sample printout from the computing
 
integrator of Hewlett-Packard gas
 
chromatograph model 571OA used for
 
urine ethanol analysis.
 
29
 
analyses of the samples divided by 1.3 to obtain the
 
blood alcohol concentration equivalent. The difference
 
column reflects the amount of ethanol (g%) in the second
 
sample minus the amount of ethanol (g%) in the void
 
sample. A positive result means the second sample
 
contains a higher concentration of ethanol. A negative
 
result indicates the second sample contains a lower
 
concentration of ethanol. The samples were analyzed for
 
ethanol concentration using the method previously
 
described.
 
EFFECTIVENESS OF SAMPLE STORAGE
 
Urine samples were obtained in urine alcohol kits as
 
previously described. Immediately following analysis, a
 
portion of the second sample was placed in plain
 
vacutainers (Becton Dickinson #6530) to provide an air
 
tight seal. The samples were placed under refrigeration
 
at 4 degrees C. Fifty-seven samples were reanalyzed over
 
one year later using previously described methods.
 
Sixteen of those samples were then placed outdoors with a
 
western exposure to the sun. The minimum daily high
 
temperature was 35 degrees C. The 16 samples were
 
reanalyzed following 54 days of outside storage.
 
UNPRESERVED URINE SAMPLES
 
Sixteen subjects provided initial morning void urine
 
samples in 1-ounce glass bottles (as described above). The
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bottles did not contain any preservative. These samples
 
were analyzed for ethanol on the day received using the
 
methods previously described. The samples were then
 
stored in the original containers at room temperature,
 
and reanalyzed one to five times over a period of 41
 
days.
 
EFFECTIVENESS OF SODIUM FLUORIDE AS A PRESERVATIVE
 
Seventeen subjects provided urine samples in plastic,
 
4-ounce collection bottles (Fisher #11-840A). Each sample
 
was aliquoted into eight 10-milliliter plain vacutainer
 
blood collection tubes (Becton Dickinson #6530) as
 
follows:
 
Tube Designation Contents 
A Urine only 
B Urine, sodium fluoride 
C Urine, yeast 
D Urine, glucose 
E Urine, glucose, yeast 
E Urine, sodium fluoride, yeast 
G Urine, glucose, sodium fluoride 
H Urine, glucose, sodium fluoride, 
yeast 
Eight milliliters of urine was added to each aliquot.
 
Eighty milligrams (1% w/v) of sodium fluoride
 
(Mallinckrodt #7636) and 40 milligrams (0.5g%) of glucose
 
(Sigma Chemical #G-5000) were added to their respective
 
vials. The Candida albicans (laboratory strain #3540352)
 
inoculation was performed using two methods. Half of the
 
subject samples received a direct inoculation of a visible
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quantity on the end of a heated probe. The remaining half
 
received a 10 microliter injection of a saline suspension
 
of inoculated organisms. All aliquots were analyzed for
 
ethanol content on the initial day using the method
 
previously described. Subsequent analyses were performed
 
daily for up to eight days until a plateau was reached.
 
The maximum possible ethanol production for an 8-ml urine
 
sample containing 0.5% glucose is 0.25 g% assuming only
 
the glucose added is metabolized (Figure 5).
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Estimated MaximalProduction ofEthanol
 
Molecular Weights: Glucose 180 Ethanol46
 
ExperimentalSamples: 0^04gGlucose(0.5%)
 
Determine#ofmolesglucose insample:
 
(0.04gGlucose) 	 )= molesGlucose
 
• Glucose:Ethanolconversion ratio=1:2
 
0.00022 moles Glucose -*"■ 0.00044 moles Ethanol 
• Estimated maximal production of Ethanolingrams: 
/ 46 gEthanol \ 	 , ;(0.00044 moles Ethanol) Ethanol) ~ 0-020 gEthanol 
• Conversion to g% Ethanol: 
0.020 gEthanol _ x gram 0.25 g%
8 mlsample 100 ml 
Figure 5-	 Formulae Used to determine the maximiam 
ethanol production expected for an 8.0 ml 
urine sample containing 0.5?^ glucose. 
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RESULTS
 
VOID AND SECOND SAMPLE ANALYSIS
 
The results of 102 test samples from actual driving
 
under the influence arrest cases are shown in Table 2.
 
Table 3 provides a statistical summary of these results.
 
The mean time interval between collection of the void and
 
second samples was 26.13 + 9.10 minutes. The longest
 
interval between sample collection was 75 minutes and the
 
shortest interval was 15 minutes.
 
The mean volume obtained from the void samples was
 
23.87 + 6.89 ml with a full bottle (30.0 ml) maximum and a
 
3.0 ml minimum volume. The mean volume obtained from the
 
second samples was 22.58 ± 7.89 ml with a 30.0 ml maximum
 
and a 1.0 ml minimum.
 
Ethanol concentrations of the void samples ranged
 
from 0.000 to 0.336 g% (0.185 ± 0.066 g%). The ethanol
 
concentration obtained from the second samples ranged from
 
0.000 to 0.329 g% (0.179 + 0.066 g%). The differences of
 
ethanol concentrations between the void samples and second
 
samples showed a mean change of -0.007 + 0.021 g% (p<0.01)
 
with a range of -0.103 to 0.126 g%.
 
Figure 6 illustrates the frequency distribution of
 
the change in concentration (g%) between 102 void and
 
second sample pairs. Two samples exhibited a difference
 
greater than 0.10 g%. Two samples exhibited a difference
 
of 0.04 g%; 7 of 0.03 g%; 11 of 0.02 g%, and 26 of 0.01
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Table 2
 
VOID AND SECOND SAMPLE ANALYSIS
 
IN 102 DUI ARREST CASES
 
fo ETHANOL*
 
VOID SECOND
 
(V) (S)
 
DIFFERENCE
 
S-V
 
.024
 
.000
 
.023
 
-.002
 
.001
 
-.004
 
-.010
 
-.012
 
.000
 
-.016
 
-.014
 
.003
 
-.006
 
.008
 
-.020
 
-.007
 
-.029
 
-.024
 
-.021
 
.014
 
-.042
 
-.005
 
-.011
 
.126
 
.000
 
SAMPLE #
 
1
 
2
 
I
 
t
 
VjJ
 7
 
Va
 8
 
9
 
10
 
II
 
12
 
U
 
15
 
16
 
17
 
18
 
19
 
20
 
21
 
22
 
23
 
2k
 
25
 
COLLECTION
 
TIME
 
INTERVAL
 
SAMPLE VOLUME
 
(ml)
 
VOID SECOND
 
(V) (S)
 
15
 
19
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
20
 
18
 
30
 
30
 
30
 
20
 
18
 
22
 
30
 
26
 
30
 
26
 
30
 
2k
 
30
 
16
 
30
 
2k
 
30
 
12
 
30
 
22
 
2k
 
22
 
18
 
22
 
30
 
30
 
30
 
26
 
26
 
Ik
 
30
 
12
 
18
 
2k
 
30
 
30
 
18
 
30
 
1
 
30
 
30
 
22
 
5
 
30
 
22
 
30
 
18
 
22
 
30
 
.177
 
.175
 
.206
 
.185
 
.l^fl
 
.259
 
.303
 
.28^1
 
.236
 
.2M5
 
.182
 
.129
 
.161
 
.071
 
.203
 
.281
 
.297
 
.064
 
.181
 
.243
 
.083
 
.280
 
.035
 
.232
 
.201
 
.175
 
.177
 
.204
 
.186
 
.137
 
.249
 
.291
 
.284
 
.220
 
.231
 
.185
 
.123
 
.169
 
.051
 
.196
 
.252
 
.273
 
.043
 
.195
 
.201
 
.078
 
.269
 
.161
 
.232
 
Table 2 (Continued) 
COLLECTION SAMPLE VOLUME lo ETHANOL* DIFFERENCE 
TIME (ml) (BAC) 
INTERVAL VOID SECOND VOID SECOND S-V 
SAMPLE # (min) (V) (S) (V) (S) 
26 20 20 15 .043 .026 
-.017 
27 20 30 12 .306 .261 -.044 
28 20 30 16 .194 .201 .007 
29 20 30 30 .204 
.203 -.001 
30 20 30 30 .238 .231 
-.007 
31 21 26 24 .213 .210 
-.003 
32 21 18 16 
.167 .160 
-.007 
21 26 30 
.153 .144 -.009 
21 30 3 .143 .143 .000 
35 
36 
21 
21 
30 
30 
26 
30 
.194 
.266 
.201 
.246 
.007 
-.020 
ON 37 22 24 26 .208 
.207 -.001 
38 22 20 12 .160 
.145 -.015 
39 22 18 18 
.177 .178 .001 
ifO 22 27 30 .108 .102 
-.006 
22 22 14 .254 .247 
-.007 
42 22 30 22 .164 
.153 -.011 
43 23 26 30 
.213 .215 .002 
44 23 30 30 .201 
.207 .006 
45 23 10 18 .216 
.217 .001 
46 23 30 24 .196 .183 
-.013 
47 
48 
49 
23 
23 
24 
30 
18 
26 
30 
22 
26 
.157 
.198 
.258 
.151 
.190 
.249 
-.006 
-.008 
-.009 
50 24 18 16 .185 
.17? -.006 
51 24 18 18 .096 .064 
-.032 
52 24 20 18 .058 .o4o 
-.018 
53 24 22 30 .l4l 
.133 -.008 
Table 2 (Gontinued)
 
GOLLECTION SAMPLE VOLUME ETHANOL* DIFIERENGE
 
TIME (ml) (BAG)
 
INTERVAL VOID SECOND VOID SECOND s-v
 
SAMPLE # (min) (V) (s) (V) (S)
 
5k 25 7 30 .237 .238 .001
 
55 25 3 15 .111 .111 .000
 
56 25 30 26 .206 .209 .003
 
57 25 30 22 .203 .196 -.007
 
58 25 2k 30 .190 .159 -.031
 
59 25 30 30 .336 .329 -.007
 
60 25 30 2k .195 .192 -.003
 
61 25 5 15 .217 .250 .033
 
Vjl) 62 25 30 30 .l8if .179 -.005
 
-o 
25 26 18 .166 .165 -.001
63
 
6i| 25 26 30 .136 .129 -.007
 
65 25 26 22 .099 .085 -.014
 
66 26 30 30 .221 .201 -.020
 
6? 26 16 30 .209 .198 -.011
 
68 26 7 1 .224 .190 -.034
 
69 26 30 30 .151 .142 -.009
 
70 26 30 10 .254 .254 .000
 
71 26 16 18 .152 .148 -.004
 
72 27 18 30 .243 .243 .000
 
73 27 16 Ik .074 .052 -.022
 
74 27 30 30 .236 .214 -.022
 
75 28 30 16 .162 .176 .014
 
76 28 2k 12 
.171 .177 .006
 
77 28 22 30 .132 .113 -.019
 
78 29 26 30 .159 .150 -.009
 
79 29 30 2k .124 .105 -.019
 
80 29 30 30 .239 .241 .002
 
81 29 22 16 .158 .156 -.002
 
Table 2 (Continued)
 
COLLECTION SAMPLE VOLUME fo ETHANOL* DIFFERI
 
TIME (ml) (BAG)
 
INTERVAL VOID SECOND VOID SECOND S-V
 
SAMPLE # (min) (V) (S) (V) (s)
 
82 30 18 30 .262 .264 .002
 
83 30 30 26 .242 .219 -.023
 
8k 30 22 18 .132 .127 -.005
 
85 30 30 22 .138 .167 .029
 
86 30 30 16 .171 .l4o -.031
 
87 30 30 26 .210 .217 .007
 
88 30 26 22 .201 .205 .004
 
89 33 30 3 .000 .000 .000
 
90 33 2k 30 .231 .228 -.003
 
26 10
00	 91 35 .233 .231 -.002
 
92 35 1^ 18 .241 -.008
.233
 
35 30 30 .124 .104 -.020
U 35 7 5 .249 .219 -.030
 
95 35 30 30 .268 .271 .003
 
96 38 7 30 .236 .223 -.013
 
97 39 24 18 .178 .162 -.016
 
98 ko 30 18 .058 .050 -.008
 
99 50 16 30 .257 .253 -.004
 
100 55 16 14 .182 .163 
-.019
 
101 70 30 30 
.173 .070 -.103
 
102 75 18 30 .000 .000 .000
 
Results divided by 1.3 to obtain blood alcohol concentration equivalent (BAG)
 
Table 3 
STATISTICAL SUMMARY FOR URINE SAMPLE 
ANALYSES OF 102 DUI ARREST CASES 
COLLECTION 
TIME 
INTERVAL 
(rain) 
SAMPLE VOLUME 
(ml) 
VOID SECOND 
(V) (S) 
fo ETHANOL 
VOID 
(V) 
SECOND 
(S) 
DIFFERENCE 
S-V 
MEAN 26.13 23.87 22.58 0.185 0.179 -0.007 
STANDARD 
DEVIATION 9.10 6.89 7.89 0.066 0.066 0.021 
VjJ 
\o 
MAXIMUM 
MINIMUM 
75.00 
15.00 
30.00 
3.00 
30.00 
1.00 
0.336 
0.000 
0.329 
0.000 
0.126 
-0.103 
Results have been divided by I.3 to obtain blood alcohol concentration 
equivalent 
FREQUENCY DISTRIBUTION
 
OF CONCENTRATION DIFFERENCES
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Change in Concentration (g%)
 
Pigure 6. 	Frequency distrilDution of ethanol concentration differences
 
between initial and second paired urine
 
g%. Thirty-three samples differed by less than 0.01 g%,
 
and 21 samples had no difference.
 
Of the samples exhibiting change, 70% had lower
 
ethanol concentrations than the void sample. The second
 
sample decline in concentration indicates that most
 
arrestees, at least those involved in this study, were in
 
the elimination phase of the blood alcohol curve at the
 
time of testing.
 
Two subjects examined showed a difference between
 
void and second samples greater than 0.1 g%. Subject #24
 
had 0.035 g% ethanol in the void sample and 0.161 g% in
 
the second sample which yields a calculated increase of
 
0.126 g%. The collection time between the two samples
 
was 20 minutes. The difference in sample volume was 4 ml.
 
Assuming this subject had not ingested alcohol since the
 
time of the arrest, the difference in results of these two
 
samples does not appear physiologically possible. Two
 
possibilities could explain the extreme difference between
 
these samples. First the individual may have experienced
 
a "system shutdown" where alcohol was not absorbed or
 
eliminated. The alcohol may have undergone immediate
 
absorption and rapidly accumulated in the urine due to
 
rapid elimination during the 20 minute waiting interval
 
between sample collection. This occurrence would be very
 
uncommon, if it occurred at all. A second more likely
 
hypothesis is that the subject may have diluted the void
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 sample by dipping the first bottle into the toilet. Law
 
enforcement officers have reported subjects dipping urine
 
collection bottles, and this is supported by the
 
observation of paired urine samples received for analysis
 
which have differed in color, odor, and ethanol
 
concentrations. Biasotti and Valentine [27] have also
 
reported such "dipping" techniques by some individuals.
 
Subject #101 had 0.17 g% ethanol in the void sample
 
and 0.070 g% in the second sample for a decline of 0.01
 
g%. The collection time interval was 70 minutes. The
 
sample volumes were the same. There are several
 
hypotheses to explain the difference between the sample
 
values. First, this subject may have a unique elimination
 
rate greater than the maximum elimination rate of 0.02 g%
 
per hour reflected by the literature. Second, a long
 
period of time may have passed since the subject urinated
 
prior to providing the void sample. The concentration of
 
ethanol in the void sample could have accumulated in the
 
bladder for several hours, although the diuretic effect of
 
ethanol may make such a condition very uncomfortable. A
 
third hypothesis is the subject may have "dipped" the
 
second sample in the toilet and diluted the ethanol.
 
The results from subjects 24 and 101 are greater than
 
5 standard deviations from the mean, which allows them to
 
be considered outliers and, thus, eliminated from the data
 
pool. However, the data for these subjects was left in
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 this study to represent the likelihood of unusual subject
 
physiology or the probability of an individual tampering
 
with the evidence.
 
EFFECTIVENESS OF SAMPLE STORAGE
 
Fifty-seven urine samples from DUX cases were
 
reanalyzed after long-term storage at 4 degrees c in
 
airtight containers. The results are shown in Table 4 and
 
a summary of the statistical analyses for this data is
 
provided in Table 5. The ethanol concentration upon
 
initial analysis ranged from 0.00 to 0.28 g% (0.16 ±0.07
 
g%). Subsequent analyses of these samples showed ethanol
 
concentrations ranging from 0.00 to 0.30 g% (0.16 ± o.07
 
g%). The average time interval between analyses was 517 +
 
25 days, with a maximum interval of 546 days and minimum
 
interval of 476 days.
 
Figure 7 illustrates the mean changes in ethanol
 
concentration and the incubation time. The greatest
 
change exhibited was 0.03 g%. Figure 8 shows the
 
frequency distribution of ethanol concentration changes.
 
Twenty-five of the samples (44%) did not change over the
 
period of storage, 27 samples (47%) changed by 0.01 g%, 4
 
samples (7%) changed by 0.02 g% and one sample (2%)
 
changed by 0.03 g%. The mean difference between stored and
 
fresh samples was 0.007 g%. The mean data for the fresh
 
and stored samples overlap and the populaltions are
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Table 4
 
ANALYSIS OF ETHAHOL IN 57 URINE SAMPLES BEFORE
 
AND AFTER INCUBATION AT 4 DEGREES C
 
SAMPLE # 
1 
2 
I 
5 
6 
7 
8 
9■f:­ 10 
II 
12 
ift 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2'+ 
25 
INITIAL 
ANALYSIS 
(i) (BAC) 
.15
 
.18
 
.18
 
.15
 
.11
 
.20
 
.2'l
 
.23
 
.20
 
.'ll 
.22
 
.00
 
.18
 
.11
 
.17
 
.o6 
.11 
.19 
.00
 
.14
 
.15
 
.24 
.17 
.26 
SUBSEQUENT 
ANALYSIS 
is) (bac3 
.15 
.18 
.18 
■15 
.11 
.21 
.24 
.23 
, 20 
'. la 
.22 
.00 
.18 
.11 
.18 
.06 
.11 
.19 
.00 
.15 
.15 
■ 25
 
.17
 
. 28
 
ijifferenge 
S-I: ..V, ­
.00
 
.00
 
.00
 
,00
 
.00
 
.01
 
.00
 
.00
 
.00
 
.00
 
.00
 
.00
 
.00
 
.00
 
.00
 
.01
 
.00
 
.00
 
^ 00
 
i00
 
.01
 
A 00
 
.01
 
. 00
 
.02
 
interval between 
ANALYSES 
(Days) 
482 
481 
481 
481 
481 
481 
479 
476 
489 
483 
483 
483 
513 
513 
513 
513 
511 
511 
511 
511 
Table k 

SAMPLE
 
26
 
27
 
28
 
29
 
30
 
31
 
32
 
33
 
-p-	 3^
 
35
 
36
 
37
 
38
 
39
 
40
 
42
 
tl
 
45
 
46
 
47
 
48
 
49
 
50
 
51
 
52
 
(Contihued)
 
INITIAL
 
ANALYSIS
 
(I)(BAG)
 
.09
 
.21
 
.21
 
.22 .
 
- ■ 	 .21 " y 
.17 
.09 
.05 
.20 
.17 
.14
 
.21
 
.17
 
.12
 
.08
 
.09
 
.14
 
.06
 
.16
 
.16
 
.22
 
.23
 
.00
 
.20
 
.18
 
.28
 
.15
 
SUBSEQUENT
 
ANALYSIS
 
(s)(bag)
 
.09
 
.22
 
.22
 
.22
 
.22
 
.18
 
.10, ,
 
.06
 
.21
 
.18
 
.15 .
 
.22
 
.18
 
.13
 
.08
 
.09
 
.15
 
.07
 
.17
 
.17
 
.23
 
.25
 
.01
 
.21
 
.19
 
.30
 
.16
 
DIFFERENCE
 
S-I
 
.00
 
.01
 
.01
 
.00
 
.01
 
.01
 
.01
 
.01
 
.01
 
.01
 
.01
 
.01
 
.01
 
.01
 
.00
 
.00
 
.01
 
.01
 
.01
 
.01
 
.01
 
.02
 
.01
 
.01
 
.01
 
.02
 
.01
 
INTERVAL BETWEEN
 
ANALYSES
 
(Days)
 
■■ 	 522
 
522
 
522
 
532
 
513
 
512
 
512
 
546
 
546
 
546
 
546
 
546
 
546
 
537
 
537
 
539
 
544
 
544
 
544
 
546
 
533
 
533
 
537
 
546
 
546
 
537
 
533
 
Table 4 (Continued)
 
SAMPLE #
 
53
 
5^
 
55
 
56
 
57
 
ON
 
INITIAL SUBSEQUENT DIFFERENCE INTERVAL BETWEEN 
ANALYSIS ANALYSIS ANALYSES 
(I)* 
(BAG) 
(S)* 
(BAG) 
S-I (Days) 
.17 .19 .02 517 
.00 .00 .00 537 
.12 
.13 .01 544 
.24 
.27 .03 537 
.25 .26 .01 537 
Analysis units = io Ethanol
 
Results divided by 1.3 to obtain blood alcohol concentration equivalent(BAG)
 
Table 5 
STATISTICAL SUMMARY FOR ETHANOL ANALYSIS OF 
57 URINE SAMPLES BEFORE AND AFTER 
INCUBATION AT 4 DEGREES C 
INITIAL 
ANALYSIS 
(I) 
SUBSEQUENT 
ANALYSIS 
(S) 
DIFFERENCE 
S-I 
INTERVAL 
BETWEEN 
ANALYSES (days) 
MEAN 0.16 0.16 0.00 517 
-pr 
STANDARD 
DEVIATION 0.07 0.07 0.00 24.71 
MAXIMUM 0.28 0.30 0.03 546 
MINIMUM 0.00 0.00 0.00 476 
0.03
 
0.028
 
0.026
 
0.024
 
2: 0.022
 
0
 
H4
 
0.02
 
<
 
h
 
o:
 0.018
 
b
 
Z
 
M
 0.016
 
O
 
Z
 0.014
 
0
 
U
 
0.012
 
0.01 ­
03 M
 
0 0.008
 
0.006
 
0.004 ­
0.002 ­
0 ,-, ."1 , 1 I",".
 
482.00 	481.00 489.00 483.UO 511.00 522.00 512.00 546.00 539.00 533.00 537.00 537.00
 
INCUBATION TIME (DAYS)
 
Figure 7. 	Mean changes in ethanol concentration "between initial and
 
subsequent analyses following incubation at 4 degrees C.
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Figure 8. Frequency distribution of changes in ethanol concentration 
following incubation of 57 urine samples stored for 
476-5^6 days at ,degrees C. 
indistinguishable.
 
Table 6 lists the ethanol concentrations of sixteen
 
samples stored outdoors during the months of August and
 
September. Table 7 provides a statistical summary of this
 
data. The samples chosen for this study ranged in
 
ethanol concentration from 0.00 to 0.26 g% (0.16 + 0.07
 
g%). The maximum difference between the ethanol
 
concentration of the samples before outdoor storage and
 
after outdoor storage was a 0.01 g% (mean 0.00 g%)
 
decrease in ethanol. The frequency distribution of
 
changes in shown in Figure 9. Fourteen samples (87.5%)
 
exhibited no change in ethanol concentration following
 
outside storage while two samples (12.5%) exhibited a 0.01
 
g% decrease in ethanol concentration. Given the worst
 
case scenario of samples stored at temperatures greater
 
than 35 degrees C for 54 days, the greatest difference
 
expected in 95% of the cases would be a loss of 0.005 to
 
0.007 g% ethanol.
 
UNPRESERVED URINE SAMPLES
 
Seventeen unpreserved urine samples were obtained
 
from healthy m The samples were incubated from
 
13 to 41 days (35 +7.8 days) at room temperature and
 
under nonsterile conditions. The initial analysis on day
 
1 revealed no presence of ethanol in any of the samples.
 
Subsequent analyses were peeriodically performed on all
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Table 6
 
SAMPLE
 
NUMBER
 
1
 
2
 
3
 
5
 
6
 
7
 
8
 
9
 
10
 
11
 
12
 
13
 
14
 
15
 
16
 
ANALYSIS OF ETHANOL CONCENTRATION IN
 
16 URINE SAMPLES STORED 5^- DAYS OUTDOORS
 
INITIAL
 
ANALYSIS
 
VALUE i^o)
 
(I)
 
0.15
 
0.24
 
0.17
 
0.14
 
0.09
 
0.17
 
0.19
 
0.21
 
0.11
 
0.00
 
0.06
 
0.26
 
0.09
 
0.21
 
0.21
 
0.22
 
FINAL
 
ANALYSIS
 
VALUE (g%)
 
(F)
 
0.15
 
0.24
 
0.17
 
0.14
 
0.09
 
0.17
 
0.18
 
0.21
 
0.11
 
0.00
 
0.06
 
0.26
 
0.09
 
0.21
 
0.21
 
0.21
 
DIFFERENCE
 
F-I
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
-0.01
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
-0.01
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Table 7 
STATISTICAL SUI4MARY OF ETHANOL CONCENTRATION 
IN 16 URINE SAMPLES STORED 54 DAYS OUTDOORS 
INITIAL 
ANALYSIS 
VALUE (g%) 
(I) 
FINAL 
ANALYSIS 
VALUE (g%) 
(F) 
DIFFERENCE 
F-I 
MEAN 0.16 0.16 0.00 
r>o 
STANDARD 
DEVIATION 0.07 0.07 0.00 
MAXIMUM 0.26 0.26 0.00 
MINIMUM 0.00 0.00 
-0.01 
14 ­
13 ­
12 ­
11 ­
10 ­
cn
 
<u
 
H
 9 ­
cd
 
W
 
7 ­
Ch
 
o
 
6
 
u
 
<D
 
5 ­rq
 
4 ~
 
2 ­
1 ­
0.02	 -0.01 0 0.01 0.02
 
CHANGE IN CONCENTRATION (g%)
 
Figure 9. 	Frequency distribution of samples showing changes in ethanol
 
concentration following storage outdoors for 5^ days.
 
samples. No ethanol was detected in any of the samples
 
upon subsequent analyses. Table 8 reflects the initial
 
and final values obtained from the analyses and the
 
incubation period for each sample.
 
Urine samples obtained for this experiment were
 
obtained from both males and females after consumption of
 
meals. Samples were not collected under sterile or
 
unusually clean conditions. The unpreserved samples were
 
opened and reopened as multiple analyses were performed.
 
Samples were continually exposed to ubiquitous
 
microorganisms of the environment. Almost all of the
 
samples exhibited microbial growth evident visually as
 
fluffy colonies, red spheres, or a generally turbid
 
appearance. Some produced gases and all developed noxious
 
odors. In spite of the presence of microbial growth in
 
these unpreserved samples, ethanol failed to be detected
 
as a waste product.
 
EFFECTIVENESS OF SODIUM FLUORIDE AS A PRESERVATIVE
 
The results for the analysis of 17 subject urine
 
samples following 8 different treatments are shown in
 
Tables 9 through 16. All samples tested negative for
 
ethanol on Day 0.
 
Samples containing urine only (Table 9) produced
 
ethanol ranging from 0.000 to 0.014 (0.003 + 0.005) g%.
 
Urine samples inoculated with yeast (Table 10) produced a
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Table 8
 
ANALYSIS OF ETHANOL CONCENTRATION IN
 
17 URINE SAMPLES STORED AT
 
ROOM TEMPERATURE WITHOUT PRESERVATIVE
 
INITIAL FINAL INCUBATION
 
SAMPLE ANALYSIS ANALYSIS PERIOD
 
NUMBER VALUE (g^) VALUE (gfS) (Days)
 
1 0.00 0.00 4l
 
2 0.00 0.00 4l
 
3 0.00 0.00 28
 
4 0.00 0.00 34
 
5 0.00 0.00 4l
 
6 0.00 0.00
 13
 
7 0.00 0.00 4l
 
8 0.00 0.00 34
 
9 0.00 0.00 34
 
10 0.00 0.00 34
 
11 0.00 0.00 34
 
12 0.00 0.00
 39
 
13 0.00 0.00 40
 
14 0.00 0.00 4o
 
15 0.00 0.00 20
 
16 0.00 0.00 4l
 
17 0.00 0.00 4l
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Table 9
 
ANALYSIS OF 1? SAMPLES
 
CONTAINING URINE ONLY
 
SAMPLE	 ETHANOL PRODUCTION (g^S)* (BAC)
 
NUMBER DAYi 0 1 2 4	 6
3	 5 7 8
 
1	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
2	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
.000 .000 .000 .000 .000 .000 .000 .000 NR
 
4	 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
5	 .000 .000 .000 .000 .000 .000 sip .000 NR
 
6	 .000 .000 sip sip sip .000 .000 .000 NR
 
7	 .000 .000 .000 .000 .000 .000 .000 .000 NR
Vjx
 
ON 8	 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
9	 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
10	 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
11	 .000 .000 .008 .008 .010 .013 .014 NR NR
 
12	 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
11	 .000 .000 .000 .000 .000 .000 sip 
.009 ..012
 
14	 .000 .000 .000 sip .011 .010 .011 .011 NR
 
15	 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
16	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
17	 .000 sip .009 .009 .011 .013 sip .010 .010
 
* Results divided by 1.3 to obtain blood alcohol concentration equivalent (BAC)
 
sip = slight peak	 NR = not run
 
Table 10
 
ANALYSIS OF 17 SAMPLES
 
CONTAINING URINE AND YEAST
 
SAMPLE ETHANOL PRODUCTION I* (BAC)
 
NUMBER DAY: 0 1 2 4 6 8
3 5	 7
 
1	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
2	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
3	 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
.000 .000 sip sip sip sip sip sip NR
 
.000 .011 
.029 .032 .025 .026 .028 .027 NR
5
 
6	 .000 .000 sip sip sip .000 .000 sip NR
 
7 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
-nJ
 8	 .000 .000 sip .000 sip sip .009 .010 NR
 
9	 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
10	 .000 .000 .000 .000 sip sip sip sip NR
 
11	 .000 .000 .008 .010 
.013 .015 .015 NR NR
 
12	 .000 .000 .000 sip .000 .000 .000 NR NR
 
13	 .000 .000 sip .011 .012 .016 .024 .024 .024
 
14	 .000 .000 .000 sip .012 .011 .011 .011 NR
 
15	 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
16	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
17	 .000 sip .008 .011 .010 .012 .009 .009 NR
 
* Results divided 	by 1.3 to obtain blood alcohol concentration equivalent (BAC)
 
sip = slight peak NR = not run
 
range of ethanol from 0.000 to 0.032 (0.006 +0.009) g%.
 
Urine samples treated with glucose (Table 11) produced
 
from 0.000 to 0.220 (0.067 ±0.07) g% ethanol. Samples
 
containing glUcose and yeast (Table 12) produced ethanol
 
ranging from 0.06 to 0.237 (0.164 ±0.057) g%. No ethanol
 
was detected in any of the samples containing sodium
 
fluoride despite the presence of glucose and/or yeast
 
(Tables 13-16).
 
Table 17 summarizes the results of all treatments
 
compared by the Student-Newman-Kuels Range test following
 
ANOVA. Ethanol concentrations in urine samples containing
 
urine only, urine plus yeast, urine with sodium fluoride,
 
urine with yeast and sodium fluoride; urine with glucose
 
and sodiUm fluoride, and urine with yeast, gluCose and
 
sodium fluoride are not significantly different (p>0.05)
 
and can not be distinguished from each other. Urihe
 
samples containing glucose produced more (p<0.05) ethanol
 
(0.067 + 0.07 g%) than any fluoride-containing samples,
 
urine only (0.003 + 0.005 g%) or urine plus yeast (0.006 +
 
0.009 g%). Samples containing urine, glucose, and yeast
 
produce more ethanol (0.164 + 0.057 g%) than all other
 
treatment groups (p<0.05).
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Table 11
 
ANALYSIS OF 1? SAMPLES
 
CONTAINING URINE AND GLUCOSE
 
SAMPLE ETHANOL PRODUCTION (gjS) (BAC)
 
NUMBER
 
DAY: 0 1 2 3 k 5 6 7 8
 
1 .000 .000 .02? .0^9 .ok? .ok? .047 NR NR
 
2 .000 .000 .000 .000 .000 .000 .000 NR NR
 
3
 .000 .000 .000 .000 sip .016 .029 .047 .088
 
4 .000 .000 .000 .000 .000 .000 .047 .138 .194
 
5 .000 .000 .000 .000 sip .013 .026 .038
.037
 
6 .000 .000 sip .005 .007 .008 .012 .017 .023
 
VO
 
.000 .000 .015 .022 .026 .028 .041
7 .033 .035
 
8 .000 .000 .000 .022 .Oifl .065 .085 .093 NR
 
9 .000 .000 .000 .013 .12k .196 .217 .220 .220
 
10 .000 .000 .000 .000 .010 .011 .018 NR
.017
 
11 .000 .000 .009 .010 .011 .011 .013 NR .022
 
12 .000 .000 .000 .000 .000 
.027 .109 .182 .202
 
13 .000 .000 .000 .000 .000 .000 i000 sip NR
 
Ik .000 .000 .000 .000 .000 sip .009 .015 NR
 
15 .000 .000 .000 .000 .027 .053 .060 .061 .061
 
16 .000 .000 .000 .000 .000 .000 .000 NR NR
 
1? .000 .013 .0k2 .057 .062 .066 .065 .066 NR
 
Results divided by 1.3 to obtain blood alcohol concentration equivalent (BAC)
 
sip = slight peak NR = not run
 
  
 
 
Table 12
 
ANALYSIS OF 1? SAMPLES
 
CONTAINING URINE, GLUCOSE AND YEAST
 
SAMPLE : ETHANOL PRODUCTION (g^;1* (BAG)

^ : ■ 
NUMBER DAYt 0 2: 3 - : ■ ■4 8 
1 .000 .018 .085 .100 .097 .099 .100 NR NR 
2 .000 .013 .063 .094 .116 .121 .117 NR NR 
3 . .000 .023 .123 .182 .210 .214 .220 .216 .213 
.000 .023 .137 .181 .214 .225 .225 .227 .226 
■ ■ ■ ■- -5- .000 .Olt .098 .154 .204 .205 .206 .209 .208 
6 .000 .016 .045 .067 .091 .104 .105 .105 .103On 
O ■ ■ ^ 7 .000 .03^ .099 .125 .168 .195 .194 .190 NR 
8 .000 .029 .131 .125 .212 .216 .216 .215 NR 
9 .000 .006 .114 .176 .209 .213 .207 .216 .214 
10 .000 .008 .107 .169 .205 .209 .210 .207 NR 
11 .000 sip .024 .045 .074 .080 .082 NR .078 
12 .000 .010 .086 .136 .168 .178 .176 NR NR 
13 .000 sip .076 .148 .214 .233 .234 .237 .237 
1^ .000 sip .015 .030 .049 .061 .066 .066 .067 
15 .000 sip .054 .106 .151 .155 .157 .148 .146 
16 .000 .008 .064 .111 .160 .169 .169 .169 NR 
17 .000 .015 .041 .052 .069 .080 .080 .080 NR 
Results divided by 1.3 to obtain blood alcohol cdncentration equivalent (BAC) 
sip = slight peak NR = not run 
  
Table 13
 
ANALYSIS OF 17 SAMPLES
 
CONTAINING URINE AND SODIUM FLUORIDE
 
SAMPLE ETHANOL PRODUCTION (g?i)* (BAG)
 
NUMBER DAY; 0 1 2 3 4 5 6
 7 8
 
1 .000 .000 .000 .000 .000 .000 .000 NR NR
 
2 .000 .000 .000 .000 .000 .000 .000 NR NR
 
3 .000 .000 .000 .000 .000 .000 .000 .000 •NR
 
k .000 .000 .000 .000 .000 .000 .000 .000 NR
 
5 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
6 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
o\ 7 .000 .000 .000 .000 .000 .000 .000 NR NR
 
8 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
9 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
10 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
11 .000 .000 .000 .000 .000 .000 .000 NR' NR
 
12 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
13 .000 .000 .000 .000 .000 .000 .000 NR NR
 
1^ .000 .000 .000 .000 .000 .000 .000 NR NR
 
15 .000 .000 .000 .000 .000 .000 .000 NR NR
 
16 .000 .000 ,000 .000 .000 .000 .000 NR NR
 
17 .000 .000 .000 .000 .000 .000 .000 NR NR
 
* 
Results divided by I.3 to obtain blood alcohol concentration equivalent (BAG)
 
NR = not run
 
 Table l4
 
ANALYSIS OF 17 SAMPLES CONTAINING
 
URINE, YEAST AND SODIUM FLUORIDE
 
SAMPLE ETHANOL PRODUCTION (g^)* (BAC)
 
NUMBER DAY: 0 
.2 3- ■ ^ . - 5/' 6 7 8
 
1 .000 .000 .000 .000 .000 .000 .000 NR NR
 
■ 2 .000 .000 .000 .000 .000 .000 .000 NR NR 
:3 .000 .000 .000 .000 .000 .000 .000 .000 NR 
k .000 .000 .000 .000 .000 .000 .000 .000 NR 
■ • 5 ■ : .000 .000 .000 .000 .000 .000 .000 .000 NR
 
o\
 6 .000 .000 .oOo .000 .000 .000 .000 .000 NR
ro
 
? .000 .000 .000 .000 .000 .000 .000 NR NR
 
8 .000 .000 .boo .000 .000 .000 .000 NR NR
 
9 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
10 .000 .000 .000 .000 .000 .000 .000 NR NR
 
11 .000 .000 .000 .000 .000 .000 .000 NR NR
 
12 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
13 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
1^ .000 .000 .000 .000 .000 .000 .000 NR NR
 
15 .000 .000 .000 .000 .000 .000 .000 NR NR
 
l6 .000 .000 .000 .000 .000 .000 .000 NR NR
 
17 
.000 .000 .000 .000 .000 .000 .000 NR NR
 
* Results divided by 1.3 to obtain blood alcohol concentration equivalent (BAC)
 
NR = not run
 
  
Table 15
 
ANALYSIS OF 1? SAMPLES GGNTAINING
 
URINE, GLUCOSE AND SODIUM FLUORIDE
 
SAMPLE ETHANOL PRODUCTION (g^)*(BAG)
 
NUMBER
 
DAY: 0 ; 2':'' 3	 5 6 7 ' 8 'V-/
 
1	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
2	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
.000 .000 .000 .000 .000 .000 ,000 .000 NR
 
.000 .000 .000 .000 .000 .000 .000 .000 NR
 
5
 
3
 
.000 .000 .000 .000 .000 .000 .000 .000 NR
 
6 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
o\ 7 .000 .000 .000 .000 .000 .000 .000 NR NR
 
8	 .000 .000 .000 .000 .000 .000 NR NR NR
 
.000 .000 .000 .000 .000 .000 .000 .000 NR
9
 
10	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
11	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
12	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
.000 .000 .000 .000 .000 .000 .000 .000 NR
 
14	 .000 .000 .000 .000 .000 .000 .000 NR NR
 
.000 .000 .000 .000 .000 .000 .000 NR NR
15
 
16 .000 .000 .000 .000 .000 .000 .000 NR NR
 
17
 .000 .000 .000 .000 .000 .000 .000 NR NR
 
* 
Results divided 	by 1.3 to obtain. blood alcohol concentration equivalent (BAG)
 
NR = not run
 
  
Table l6
 
ANALYSIS OF 17 SAMPLES GONTAINING
 
URINE/GLUCOSE, YEAST AND SODIUM FLUORIDE
 
SAMPLE ETHANOL PRODUGTION (gfo)* (BAG)
 
NUMBER DAYj 0 ■ '1. 2 \ ^ 5 6 ■ 7 8 
1 .000 .000 .000 .000 .000 .000 .000 NR NR
 
2 .000 .000 .000 .000 .000 .000 .000 NR NR
 
.000 .000 .000 .000 .000 .000 .000 .000 NR
3
 
k .000 .000 .000 .000 .000 .000 .000 .000 NR
 
.000 .000 .000 .000 .000 .000 .000 .000 NR
5
 
6 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
On
 
-P- .000 .000 .000 .000 .000 .000 .000 NR NR
7
 
8 .000 .000 .000 .000 .000 .000 NR NR NR
 
.000 .000 .000 .000 .000 .000 .000 .000 NR
9
 
10 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
11 .000 .000 .000 .000 .000 .000 .000 NR NR
 
12 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
13
 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
lU .000 .000 .000 .000 .000 .000 .000 .000 NR
 
15 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
16 .000 .000 .000 .000 .000 .000 .000 NR NR
 
17
 .000 .000 .000 .000 .000 .000 .000 .000 NR
 
Results divided by 1.3 to obtain blood alcohol concentration equivalent (BAG)
 
NR = not run
 
ON
 
Table 17 TREATMENT GROUPING BASED ON THE
 
ANALYSIS OF 1065 SAMPLES
 
TREATMENT ETHANOL PRODUCTIdN
 
(Mean + SD)
 
Urine and Sodium Fluoride : :I r: .000 + .000^
 
Urine, Yeast and;
 
Sodium Fluoride 1000 + VOOO^
 
Urine, Glucose and
 
Sodium Fluoride .006 + .000^
 
Urine, Glucose, Yeast
 
and Sodium Fluoride ;000 + .000^
 
Urine only ; •003 ^ .005^^
 
Urine and Yeast i.006 + .009^
 
Urine and Glucose .067 + .070
 
Urine, Glucose
 
and Yeast ^164^ .057°
 
Samples having different superscripts are significantly different (p=.01)
 
DISCUSSION
 
Initial and subsequent urine samples submitted for
 
analysis exhibit a tendency for lower ethanol
 
concentrations in second samples. The mean difference
 
between void and second samples is -0.007 +0.021 g%,
 
indicating that driving under the influence (DUI)
 
arrestees are in a post-absorption phase of ethanol
 
elimination. Ethanol remaining in the bladder is
 
presumably diluted by the urine formed during the
 
interval between specimen collections, thereby leading to
 
a lower concentration determination. This means that, in
 
most cases, second sample analysis actually underestimates
 
the actual blood alcohol concentration. Based on the
 
results of these preliminary tests, it may not be
 
necessary to know if subjects completely empty their
 
bladder at the time of the void sample collection.
 
Calculating two standard deviations from the mean, the
 
potential difference to be expected between an
 
individual's void sample could be 0.03 g% lower or 0.04 g%
 
higher than the second sample. This difference between
 
void and second samples would apply to approximately 95%
 
of the population. The maximum expected increase of 0.04
 
g% could be subtracted from the result obtained for void
 
sample only cases, which would be a maximum estimate of
 
the second sample value. In such cases an actual BAC of
 
0.14 g% would be necessary to declare the subject in
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violation.
 
Insignificant variation was observed between fresh
 
and stored samples regardless of the storage conditions.
 
The changes observed are within the 5% instrument
 
calibration error, and do not necessarily reflect actual
 
changes in ethanol concentration. The instrument is
 
calibrated on a daily basis. The acceptable limit of
 
variation of the calibration standard is 5% of the known
 
ethanol concentration. Changes in column conditions, the
 
flame ionization detector, temperature, and gas pressure
 
may alter the analysis by the instrument at any given
 
time. Because of this, analytical variation could be
 
expected between stored and fresh samples and between
 
identical samples analyzed in this laboratory and
 
reanalyzed in other laboratories. The variations observed
 
between intra-lab results generally do not exceed 0.02 g%.
 
San Bernardino County Sheriff's Crime Laboratory results
 
and quality control data are seldom challenged in the
 
courtroom when samples have been reanalyzed by independent
 
laboratories. This may indicate similar results were
 
:obtained by the referee laboratory. The forensic alcohol
 
program guidelines provided by California Administrative
 
Code Title 17 does not provide recommendations regarding
 
differences in results either within the original
 
laboratory or between laboratories. Additionally the CVC
 
23152 subsection b makes no comment regarding differences
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in interlaboratory or intralaboratory testing. The jury
 
remains the sole body responsible for deciding if a BAG
 
result meets the legal requirements. In most cases the
 
BAG is far greater than the legal limit and the
 
differences are not substantial enough to affect the case.
 
While a refere:e analysis resulting in a higher BAG will
 
probably not be presented to the court, a referee analysis
 
result lower than the initial result could be explained in
 
terms of ethanoi loss due to improper storage,
 
transportation conditions, or biological activity. This
 
study, however, found that none of the retested samples
 
exhibited decreased ethanoi levels when stored at 4
 
degrees G.
 
Since quality control at individual laboratories can
 
range from excellent to nonexistent, it is recommended
 
that referee analyses be performed only by laboratories
 
licensed to perform forensic alcohol analyses by the State
 
of Galifornia Department of Health. Intralaboratory
 
testing of stored samples would also add considerably to
 
quality control support Of data.
 
Urine samples lacking sodium fluoride do not produce
 
ethanoi and the production of ethanoi in unpreserved
 
Samples subject to post-collection contamination with
 
Gandida albicans is very low (0.01 g%). since ethanoi
 
production occurs under restricted conditions, such as
 
adequate glucose availability and the presence of
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 microorganisms such as those isolated from putrefying
 
corpses [41], it is unlikely that both ethanol producing
 
organisms and adequate glucose levels would be present
 
under normal circumstances. In any case, preservatives
 
should always be used to eliminate the remote possibility
 
of in vitro microbial ethanol production.
 
Urine samples collected without preservatives but
 
containing high concentrations of yeast may be compromised
 
by in vitro ethanol production of up to approximately 0.03
 
g%. Although a Urine sample stored in the bladder and
 
containing glucoSe may provide favorable conditions for
 
ethanol production, this can occur only if ethanol
 
producing microorganisms are present. The maximum
 
ethanol produced will be limited by the amount of glucose
 
available in the urine and the time in the bladder [40].
 
similarly, little ethanol production would be expected
 
from an individual with a yeast infection unless the
 
individual also excreted glucose. Therefore, the argument
 
that urine ethanol determinations may be in error due to a
 
yeast infection could be resolved by testing the sample
 
for the presence of microbial metabolic products and to
 
identifv C. albicans. Any defendant claiming such an
 
infection should insure that a portion of his sample be
 
sent to a clinical laboratory to confirm such microbial
 
metabolic products and yeast identification.
 
Contrary to the work done by Blume and Lakatua [39]
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on blood samples inoculated with cultured post-mortem
 
microorganisms, Chang and Kollman [40] on blood samples
 
containing C. albicans and dextrose, and Harper and Corry
 
on urine samples inoculated with yeast and incubated in
 
heart infusion broth media containing glucose [41], the
 
use of 1% w/v sodium fluoride has clearly been shown to
 
completely eliminate the ethanol production by C. albicans
 
in ordinary urine samples containing high glucose
 
concentrations. If The ethanol values are contested upon
 
this premise, tests are available to determine the
 
presence of fluoride in all DUX urine samples.
 
The mean ethanol production from urine samples
 
containing glucose was 0.067 + 0.07 g% and reached a
 
maximum of 0.220 g%. Microscopic examination of some of
 
these samples revealed the presence of Candida albicans.
 
This was not unexpected since the study was conducted
 
under routine, nonsterile conditions which likely can
 
cause cross-contamination. More significant were the
 
ethanol concentrations found in samples containing urine,
 
glucose and yeast (mean increase of 0.164 ± 0.057 g%) with
 
a maximal production of 0.237 g%. Thus, urine samples
 
containing glucose do provide favorable conditions for
 
ethanol production when exposed to C. albicans.
 
The limiting factor, however, in ethanol production
 
is the amount of glucose available for conversion to
 
ethanol. Since the glucose content of test samples were
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similar, samples contaminated with yeast would be
 
expected to show ethanol levels similar to those
 
inoculated with yeast, if given sufficient time for the
 
yeast to reproduce. In this study, yeast-contaminated
 
samples produced less ethanol than yeast-inoculated
 
samples (0.067 ± 0.07 vs 0.164 + 0.057 g%, p<0.01) but
 
significantly more than yeast-inoculated urine lacking
 
glucose (0.067 + 0.07 vs 0.006 + 0.009, p<0.01). It is
 
concluded that both sufficiently large populations of
 
ethanol-producing microorganisms and sufficient quantities
 
of glucose must be present for the in vitro production of
 
ethanol in unpreserved urine samples, while sodium
 
fluoride prevents ethanol production in all treatment
 
combinations.
 
It should be emphasized that the ethanol levels
 
reported from the various treatment samples in this study
 
are cumulative and reflect the maximum levels obtained for
 
incubation periods up to 8 days. In a living individual,
 
ethanol levels do not accumulate because the bladder will
 
be voided periodically each day. Therefore, the results
 
reported herein represent the maximal error possible in
 
this testing and it is unlikely that such levels could
 
ever be achieved in practice.
 
Based on the results of this study, it can be
 
concluded that a even a single urine sample may be used
 
for the determination of a blood alcohol level. Should
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an arrestee fail to provide a second sample for analysis,
 
the results of the void sample should be used in the
 
courtroom with the understanding that, with 95% confidence
 
limits, the void sample will yield a value no more than
 
0.04 g% higher than the second sample. Sodium fluoride
 
will prevent the production of ethanol in all samples
 
containing glucose and/or yeast, or in samples stored for
 
long periods under extreme thermal conditions. Tests to
 
confirm the presence of fluoride and microbial metabolic
 
products for those individuals who feel that
 
microorganisms are responsible for the production of
 
ethanol in their urine.
 
The overall results of this study demonstrate that
 
the use of urine samples for ethanol testing by forensic
 
laboratories should not be discouraged. Allegations of
 
mishandling, improper storage, contamination, or void
 
samples only can be addressed and answered with little
 
difficulty. Individuals who choose to provide a urine
 
sample rather than a direct blood test should not be
 
allowed to fall between the cracks of the legal system
 
based on unproven, unjustified hypothetical conditions
 
that may occur in only the rarest occasions. This study
 
provides the first comprehensive evaluation of these
 
issues and should resolve many of the questions which have
 
persisted about the method due to oversights and lack of
 
appropriate testing.
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